There are few studies of the neonatal effects of propofol when given as an induction agent for Caesarean section. Although propofol has been reported to produce ventilatory depression [1] , in a pilot study Couper and Lombard [2] did not observe adverse neonatal effects (evaluated by Apgar score) after a single bolus of 2.5 mg kg" 1 administered for elective Caesarean section. After a single bolus dose of propofol, a maternal: fetal plasma concentration ratio of 0.70 was found [3] (less than that reported for thiopentone [4] ), and the mean UA:UV ratio at delivery indicated complete distribution throughout the fetus and a relatively rapid equilibration of propofol. In this study [3] , 70% of neonates showed an AmielTison's score [5] of less than 35 at 30 min after delivery. This depression was not present at 2 and 24 h; however, the study was limited by lack of control data.
SUMMARY
group, 20 patients) or thiopentone 5 mg/kg PBW (control group, 20 patients) for induction of anaesthesia. A third group of 20 neonates (unmedicated control group), delivered by uncomplicated, spontaneous vaginal delivery without analgesia, was evaluated also as a control group.
All mothers were at term (gestational age 38-41 weeks), with a single fetus and uncomplicated pregnancy. Gestational age was estimated using the first day of the last menstrual period and confirmed by ultrasound analysis. Mothers who gave birth spontaneously had a comparable duration of labour.
General anaesthesia for Caesarean section was standardized with the patient in a 15° left lateral tilt and comprised preoxygenation, followed by the induction agent and suxamethonium 1 mg/kg PBW, tracheal intubation and ventilation of the lungs with 50% nitrous oxide in oxygen until delivery. No volatile agent was given. Neuromuscular block was provided by intermittent doses of suxamethonium. After delivery, anaesthesia was deepened with fentahyl and droperidol or a volatile agent.
Neonates were evaluated by Apgar scoring at 1 and 5 min, by an independent observer. The neurbbehavioural examination was performed at 1, 4 and 24 h after delivery, the 24-h examinations midway between feeds. All neonates were assessed in the same environmental conditions, and the examiners were unaware of the group to which the infant belonged.
The ENNS includes 11 individual observations of primary reflexes, muscle tone and decrement response to stimulation, each measured on a fourpoint ordinal scale, observations on states of consciousness and one general assessment of the infant's neurobehavioural state. State of consciousness is recorded before each individual test. In accordance with previous studies [7, 8] , six states of consciousness are recognized: two sleep states: light sleep (Si) and deep sleep (S2); and four awake states: drowsy state (Al), fussing state (A2), alert inactivity (A3) and crying (A4). In this study, because the infant's state was modified by the stimuli given, the infant's spontaneous state observed in the 2 min immediately before stimulation was recorded also, as the "initial state".
In accordance with Scanlon's neurobehavioural test [6] , the four tests for muscle tone (pull to sitting, arm recoil, truncal tone and general body tone) were scored: 0-1 = absent or mediocre response, 2 = normal response, 3 = hypertonicity (which is presumed to be abnormal). Tests for four primary reflexes (rooting, sucking, placing reactions and Moro), responsiveness to external stimuli (pinprick and sound) and overall alertness were recorded 0 = absent, 1 = weak or delayed, 2 = intermediate or normal, 3 = strong. The neonate's ability to react appropriately to repetitive stimuli (habituation) was evaluated by the response decrement to repeated pinprick of the sole of the foot, Moro manoeuvre, light stimulus to the eyes and the sound of a bell. The response decrement was measured by counting the number of stimuli required before a change occurred in the infant's initial best response.
The total doses of thiopentone and propofol used were also noted.
Statistical analysis of neonatal scores was performed by Mann-Whitney U test. Differences were considered significant in the two-tailed test when P was 0.05 or less. Student's t test was used for parametric data. P ^ 0.05 was considered significant. of these neonates had a prolonged U-D interval (150 s).
The predominant initial state of the infant before examination was Scanlon's Al at a 1 h in all the three groups; Al in the propofol and control groups and A1-S2 in the thiopentone group at 4 h; SI in the propofol group, A1-S2 in the thiopentone group and SI in controls at 24 h. Irritability and continuous crying were noted in five neonates (25 %) of the propofol group during the 1-h examination. This irritability was not present at 4 h. The predominant state throughout the entire examination was the awake state in all neonates at 1, 4 and 24 h. The mean number of changes of state during examination (labile state) is shown in table III. Neonates in the propofol group showed a significant reduction in labile state at 24 h (P < 0.02 v. controls and P < 0.01 v. thiopentone group).
There were no significant differences between the groups in motor tone tests at 1, 4 and 24 h (table IV) . Infants in the propofol group scored lower for pinprick at 1 h compared with infants in both the thiopentone group (P < 0.002) and the spontaneous vaginal delivery group (P < 0.02). This difference was no longer significant at 4 h. Infants in the propofol group scored lower also for placing reflex at 1 h compared with both control groups (P < 0.05), and in rooting reflex compared with the thiopentone group at 1 h (P < 0.05). These differences were not present at 4 and 24 h. Babies in the thiopentone group scored lower for sound than those in the spontaneous delivery group, at 4 h (P < 0.05). There was a significant depression of the state of alertness at 1 h in neonates whose mothers received propofol compared with the other two groups (table V) . Compared with babies delivered spontaneously, infants whose mothers received thiopentone became tolerant to pinprick and to Moro significantly less quickly at 24 h, and infants in the propofol group required significantly fewer trials to modify the Moro reflex and light reaction at 1 h.
DISCUSSION
In this study, we attempted to reduce all prenatal or perinatal factors which might have negative effects on neurobehavioural responses [9, 10] . All mothers had an uncomplicated obstetric history and elective Caesarean delivery. The infants were comparable in all measured variables and they were examined in the same environmental conditions. Previous studies [11] have demonstrated that maternally administered thiopentone has a non-specific generalized depressant effect on the newborn. These data were not confirmed in the present study. Only a few neurobehavioural variables were affected briefly in the thiopentone group. This discrepancy in findings may result from different evaluation of Scanlon's scores. In the study of Hodgkinson and colleagues [11] , the scores were classified as "high" or "low" and not on a four-point ordinal scale; the decremental responses were combined and not assessed separately, and the I-D and U-D intervals were not recorded. It is not clear if the drug-delivery interval influences exposure of the fetus to drug [12] . Nevertheless, in our study the I-D and U-D intervals were reasonably short and neonatal neurobehaviour was not greatly different from that of neonates delivered without general anaesthesia. The dose of propofol administered in this study was 2.8 mg/kg PBW-slightly greater than the usual recommended dose of 2.5 mg/kg PBW [13] . This dose was given according to the clinical judgement of the anaesthetist. It has been reported previously that a shorter mean induction time with a dose oi 2.1-3 mg kg" 1 did not increase side effects [14] .
At birth, infants delivered from mothers who received propofol achieved significantly lower Apgar scores than controls, and 25 % of them were hypotonic. This was no longer evident at 1 h. However, infants in the propofol group had a reduction in withdrawal reflex at 1 h compared with the two control groups, and a reduction in the placing reflex. This is a postural reflex integrated at various levels in the CNS from spinal cord to cerebral cortex and affected largely by extrapyramidal motor pathways [15] . Cortical depression produced by propofol would affect this reflex in the first 1 h of life. This depression could be responsible also for the irritability noted at the 1 -h examintion in 25 % of infants and for the significant reduction in lability at 24 h. These neurobehavioural differences between the neonates in the thiopentone and propofol groups may be explained on the basis of pharmacokinetic differences [16] . Both thiopentone and propofol cross the placenta readily. Thiopentone has been reported to have a UV: MV ratio equal to 1 [12] , and propofol a mean ratio of 0.7 [3] . In addition, the different metabolism of the two drugs may play a role in their neonatal effects. Pregnancy alters maternal clearance of thiopentone by alteration in hepatic drug-metabolizing enzymes and, less, by changes in liver blood flow [17] . Although there may be other factors to explain the lack of fetal depression [18, 19] , rapid maternal redistribution has been considered the most likely cause [12] . There are no data on the pharmacokinetics of propofol in pregnancy, but studies on female patients confirm the hepatic metabolism of this drug and suggest also an extrahepatic component [16] . The neonatal clearance of propofol is unknown.
Our data suggest that thiopentone remains the drug of choice for induction of general anaesthesia for Caesarean section. Propofol may be used as an alternative, but not for high-risk pregnancy.
